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(57] ABSTRACT 

Libraries of unimolecular, double- stranded oligonucleotides 
on a solid support. These libraries are useful in pharmaceu- 
tical discovery for the screening of numerous biological 
samples for specific . inicraciions between the double- 
stranded oligonucleotides, and peptides, proteins, drugs and 
RNA. in a related aspect, the present invention provides 
libraries of conformaiionally restricted probes on a solid 
support. The probes arc restricted in their movement and 
r.cxibilily using double- stranded oligonucleotides as scaf- 
folding. The probes arc also useful in various sacening 
procedures associated with drug discovery and diagnosis. 
The prcseni invention further provides methods for the 
prcparaiion and screening of the above libraries. 
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SURFACE-BOUND, UNIMOLECULAR, 
DOUBLE-STRANDED DNA 

GOVERNMENT RIGHTS 

Research Icadins lo ihc invtsnUon was fondcd in part by 
NiH Grani No. ROIHC5008 13-03 and the govcmmcni may 
have certain fighis lo ihc invention. 

BACKGROUND OF THE INVENTION 
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The present invention relaies to the field of polyme 
cvniLL and the me of polymer libraries for biological 
scS Moi. specificallS; ^ embodiment the inven- 
f-ifn^vid« arrays of diverse douWc-sirandcd obgonudc- 
S^J^Tl^^^^^ embodimcnu the inv«ition pro. 
: des Zy^f confonnadonally ^^^^^^.^^^ 
the orobes are held in position using double-stranded DNA 
SLoS as scaffolding. Ubraries of ^ivcne unimol^^^^^ 
dVublc-siranded nucldc acid sequences and probes may be 
for example, in screening studies for deiermmauon o 
SSnraffinity exhibited by binding protems, drugs, or 
RNA 

.Mucnccs are weU known lo those of skill in the art. In 
p^fX. .ne*ods or synthesizing oUgonucleotidcs arc 
Cd in. for example. OUtonucUorUUSyn0^su:A Fro.- 
tical Avircach. Gail, ed., IRL Piess. Oxfonl (1984). .ncw- 
r^tcd hereto by reference in its entirety for nil purposed ^ 
KsiSuntoolccular douMe-.tranded fNAin soluuon 
hL also been deseribcd. Sec. Durand, el al. NucUk AcuU 
r" 18:Csl6359 (1990) and Thomwn e. al. N«etec 
Acids Res. 21:5600-5603 (1993). the disclosures of both 
being incorporated herein by reference. 

Solid phase synthesis of biological polymcn has been 
evoltg'since *e early "Mcm^Seld" soBd ptoejpep^c 
synthesis, described in Memfield J. Am. Ch^m. 5oc. 



. In the above-referenced FodoretaL. PCX applicaiion. M 
elepnt method is described forcing a computer<on«>U^ 
tvsi^ to diiccl 8 VLSIPSW procedure. Using this 
Sch oti beterogenoos of polymc^ is convenei 
5 Sff^m»l««<»«couplingatanurnb«ofr«cu^«^^^^ 
inu. a different heterogenous «Tay. See. U.S. No^ 
5.384.261 aiKi U.S. appl.canon Ser. No. ^/^^^f -^^ 
dlsclo$t«s of which are incorporated herem for all ptu- 

)0 '"'mdevelopmeni of VLSIPS~ technology as described 
in iSS«-.Sed U.S. Pat. No. 5.143.854 and PCX ^tem 
puMe^rNTwO 9(V.15070 «id 92/10092. is <:onsjd«ed 

'^Lering technology in the fields '^l^^'^^^^; 
ris and sCTcening of combinatonal libtma- More raxnlly 
nttSTaSiw Set No. 08A»^937. fUed lun, 25, 1993 
paicnt W""" d-5j3,-bej methods for making arrays of 

Sne a mnial or complete sequence of E target nudac acid 
L\o toect ihe presence of a nucleic acd eomaming a 
specific oligonucleotide sequence. 

A number of biochemical processes °f .P^«"y=»' 
interest involve the inleracUon of soine speaes. e-g-. » 
Sde or protein, or RNA. with double-simjA^d DN^ 
F« examole protrinrtJNA binding inieracuons are involved 
^^^IZ^r of transcription factors as well as tnrno 
suppression associated with the p53 proie.n and the genes 
contributing lo a number of cancer conditions. 
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SUMMARY OF THE INVENTION 

High-denaty anays of diverse ummolccular. douMe- 
,S oUgonucleoUdes. as well |^ arrays of f»nfo"nj; 
Uonally lestfictcd probes and methods for their use i« 
o^tol by virtue of the present invention. In addition 
^rM and devices for detecting duplex formalion of 
riSTucl'udes on an array of diverse 
o gonueleotides arc also provided by "h" . 
an adhesive based onjlK sf^cifie bmd-nS e^^^^^^^ 



synthesis described in Merrifield. J. Am. i^i.m. ^. ^„ „ .dhesive oaseo on ^^ " " j^^adcs is 

ssT49-2lM (1963). incorporated herein by reference for ,^ of complementary ohgonucleouocs 

alf oarposes. Solid-pha.se synthesis techniques have been ^ ;„ present invention, 

all pJipows-J „r „veral Deolide sequences on, ^ . . -rQ^ present invenuon, libraries 



nil oarooses. aono-p.'"^ .J -•- provided in the present invention. 

provided to- the synthesis of several peptide sequences on „rthe present inyentaon. Ubr^es 

foTex^?e. a number of -pins.- See e.g.. Geysen e. al . / ^ouble-suanded «> gono-^'*?"*" ^^^^^ 

1 ZTL h 102-259-274 (1987), incorporated herem by ° ^ f library u compnsrf of a sona 

Scf for Ll puises. Other solid-phase lechniqucs i'^^rf^'^^'^onal spacerfor atuching the do"b c-'i^^^^^^^^ 
TnloTvc fol examplTynthesis of various pepUde s^u«,c« „ 'li^riucleoOdc to the support and fof^P;^"^"*^ "^^^S^^ 

on diffcrcnl cellulose disks supported in a colurnn. See FrarA ^^^^ double-stranded oUgonuclcoude «id ine 
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:r^Sby reference ^'^^^ P'^^^^^^^^''^^'^^ 
nhfltc icchniQUCS arc dcicnbed in U.S. Pal. No. aj^^''^ 
Lsucd To »Sl wo 9(V00626 (Bea.Ue. invcnior). 

Each of the above techniques produces only a relatively 
low amy of polymers. For example. technique 

dcTcriSd in Geysen et al. is Umiled lo producing 96 
Snt polyme^ on pins spaced in Ihe dimensions of » 
standard microliicr pluc 

Improved methods of forming large arrays of ol>gonuclc- 
oddcs peptides and other polymer sequences m a short 
SofO^e havebeen devised. Of particular note, Pirrung 
P".™ ,' p,, No 5U3 854(seeal$oPCTApplicaUonNo. 
WO 90;S -d F^^^^^ L. pen- Publication No. WO « 
WlOwl: nil incorporated herein by reference, disclose 
3. ^f forming^i arrays of 

mh^f Dolvmcr sequences usmg, lor example, ng"^ 

2S-777 (1991). alsi ineorporaud herein by reference M 
?or rpmposes T^ese procedures are now referred to as 

VLSIPS"^ procedures. 



a S complementary oligoouclcoiide by 

flexible linkcr.'such that the two °l!B°""='~"^^°Xw 
exist in a double-stranded configuration. More P"««:"'^'>; 
Mbcrs of the libraries of Uie present invention can be 

rcprrscnted by the fomiula; 



inwhichYis.solid^ppon^'i-bond^ 

a flexible linlciag group, and X ana a f 

'TrS'*So?'^^ "vendon. Uie library of 
^l A^- double-stranded oligCK^^^jde; 
Si used for screening a sample for a species which bmds 
10 one or more members of the library. _,j;ff,_„, 
iTa related aspect of the inveoUon. a Ubrar, of different 
co^on^^^ally^strioed probes attached U. » '"^ 
port is provided. The individuarmembers each have Ihe 

formula: 
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-X"-Z-X 

in which X*' and X" arc complcrocniaiy oligonudeotidfis 
and Z is a probe having sufficicnl Icnglh such ihai X" and 
X" form a double-sinndcd oligomidcolidc portion of the 
member and thereby restrict the confonnations available to 
ihc probe. In a specific aspect of the inveniion. the library of 
different conformalionally-rtslricied probes can be used for 
screening a sample for a species which binds lo one or more 
probes in the library. 

According to yet another aspect of the present invention, 
methods and devices for the bioclecironic dclcaion of 
duplex formaiion arc provided. 

According to still another aspect of the invcniioo, an 
adhesive is provided which comprises two surfaces of 
complcmcniaiy oligonuclcoUdes. 

BRIEF PESCRlPnON OF THE DRAWINGS 



**light-dircctcd'* synthesis, discussed below, the protecting 
groups will be photolabilc protecting groups such as NVOC, 
MeNPOC, and those disclosed in co-pending Appltcaiion 
PCT/US93/10162 (filed Oct. 22. 1993). incorporated herein 
5 by reference. In other methods, protecting groups may be . 
removed by chemical methods and include groups such as 
FMOC DMT and others known to those of skill in the art. 
Con^lcracmaiy or subsianlially complementary: Refers 
v to the hybridization or base pairing between nucleotides or 
10 nucleic acids, such as. for instance, between the two strands 
of a double stranded DNA molecule or between an oligo- 
nuclcoiidc primer and t primer binding site on a single 
stranded nucleic acid to be sequenced or amplified. Comple- 
mentary nucleotides are, generally. A and T (or A and U). or 
13 C and G, Two single «randed RNA or DNA molecules are 
said to be substantially complcnxniary when the nudeoiidcs 
of one strand, optimally aHgned and compared and with 
appropriate nuclcoiide insertions or ddeiions. pair with at 
least about 80% of the nucleotides of the other strand. 



FIGS. 1 A to IF illustrate ihc preparation of a member or ^ 95^^ ^^^^ preferably from 

a library of surface-bound, unimolccular double-stranded j^^ gg i© |00%. 



DNA as well as bmding studies with icccplorj having 
specificity for cither the double stranded DNA portion, a 
probe which is held in a conformaiionaliy natiicted form by 
DNA scaffolding, or a bulge or loop region of RNA. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Abbreviations 

Ths following abbxviations aie used hacin: phi. phtnan- 
ihrcnequinone diiminc; phen*, 5-amido-glutaric acid-l.lO- 
phcnanihrolinc; dppz, dipyridophcnazinc. 
Glossary 

The following terms arc intended to have the followmg 
general meanings as they arc used herein: 

Chemical terms: As used herein, the term "alkyr refers to 
a saturated hydrocarbon radical which may be straight-chain 
or branched-chain (for example, ethyl, isopropyl. l-ainyl. or 
23-dimcihylhcxyl). When "alkyl" or "alkylcnc" is used lo 



about 98 to 100%. 

Alternatively, substantial complementary exists when an 
RNA or DNA tMvnd v^ll hybridize under selective hybrid- 
* izaiion condidons to its complement Typically, selective 
25 hybridization will occur when there is at least about 65% 
complementary over a sUctch of at least 14 to 25 nuclei 
olidcs, preferably at least about 75%. more preferably at 
least about 90% complementary. S. ce, M. Kanchisa NucUic 
Acids Res. 12:203 (1984). incorporated herein by reference. 
30 Stringent hybridization conditions will typically include 
salt concentrations of less than about IM, more usually less 
than about 500 mM and preferably less than about 200 mM. 
Hybridization icmpcraiures can be as low as 5' C, but are 
typically greater lhan 22' C, more lypically greater than 
35 about 30'' C. and preferably in excess of about 37* C, 
Longer fragments may require higher hybrid:7Jiion tem- 
peratures for specific hybridixaiion. As other facvors may 
alFcc. the stringency, of hybridization, including base com- 
position and length of the complementary strands, presence 



2^-Qimclhymcxy J. wncn aixyi or aiitjiwit w ua^« iw r"- ^ ' r w „ „j.™i,.K;no th" 

rcrcMozlinkin/groupor.spaUiiUtakcniobcagrxiup 40 of organic solvcnls and «icn; of base "^^'^^^"^•'^ 

lliivirMw7avanfblc valences for covalem allachmcni. for eombinaUon of parameier, .s more impotxanl lhan 0>e abs<^ 

U) 10 carbon aioms. wilh those eomaining 1 lo 6 carbor> 4S icccplors known as anliboflics. 

au.ms being panicularl, prcfcncd. Preferted alkyl or alky- Idemifier lag: A means "^"^y r'^'^ 

?cnc irxTuDs ai linking groups arc Ihosc coniain.ns I lo 20 molecules have cxpenenccd a particular rcaciion m O^e 

wto lhose confining 3 lo 6 carbSn aioms ayn.hcsis of an oligomer. The IdemiRcr .ag a so records ihe 

SSpS;urypreferrcd.-nKter™'-pol,elhylen=glycor a.cpin ,he symhcsis .cries in wluch *c ni°^'"^"P="- 

h used 10 refer 10 ihosc molecules which have repealing » cnced lhai paa.cular monomer 'caci.om TT^c ^^^"^i 

uniis of clhylene glycoU for example, hcxaclhylctic glycol may be any recognizable fealure which is. for cxarnp^c 

?KcKX-C^^^^^ When ihe .erm "poly mieroseopically disiingulshable in shape. color, opuca] 

iS^egl^Ssedlo'refcJiolinkinggroupsandspac^ dcnsily. elc; differenlly ''^".f " ~f 

£rouDS il would be understood by one of skill In ihe an lhai chemically rcaciive: magncucally or ctecuonioJly encoded 
IScr ~ P-'yo'^ ^ « " orinsomcolherwaydislinaivelyrnarked "'^ ."c rcquir«^^ 

r J , . J , i«r,™.,i;ftrt A nrnf/rrrrt f-xamolcof such antdenuncriae 1$ 



polypropylene glycol or mixtures of ethylene and propylene 
glycols). 

The icrm "proicciing group" as used herein, refers to any 
of the groups which are designed lo block one reactive site 
in a molecule while a chemical reaction is carried out at 
another reactive site. More particularty, the protecting 
groups used herein can be any of those groups described In 
Greene, ct al.. Prviective Croups h Organic Chemistry, 2nd 
Ed-. John Wiley & Sons. New YorV, N.Y, 1991. incorporated 



information. A preferred example of such an identifier lag is 
an oligonucleotide sequence. 

Ugand/Probc: A ligand is a molecule that is recognized by 
a particular receptor. The agent bound by or reacting with a 
60 receptor is called a "ligand," a lenn which is dcfinitionally 
meaningful only in lerms of its counterpart receptor. The 
icrm 'ligand" does not imply any particular molecular size 
or other sinictural or cotnpositional feature other lhan that 
Ihc substance in question is capable of binding or otherwise 



FfL John Wiiev otooris. r«cw Tor».,ri.i, i^yi.uitwipwio*.*-** «*w 1 . - •,u-, 

^ri n by « crenec. Vhe pmpc. «lecUon of proiecling « 

groups for a panicular synihcsU will be governed by Ihe as ihc naiural hgand to which ihc ''^^^"^■^''^ l 

mcihoS^employcd to the synlhcais. For example, in funclional analogue lhai may att as an agomsi or uiiagomsL 
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Examplw of Ugands ftat cm be invMUsated by this inven- 
lior include, but are not nairicttd to. agonius and aniago- 
nisls for cell metnbcane rnxftan, toxitu and venoms, viral 
eaiiopes, honncnes (e.g.. opiates. Keroids. «e.). hocmone 
rectpwrs. peptides, entymes. enzyme substrates, substrate 
analogs, tranntion slate analogs, cofactors. dmgs, proteins, 
and anU-botUes. The term -probe" refers to those molecules 
winch are ejcpectcd to art like Kgands but for which binding 
information is typically untaowa For example, if » "^eptor 
is known to bind a ligand whidi is a peptide ^nim. a 
"JZ" or Ubrary of probes will be those molecules 
dSfined to mimic the peptide p-tum. Ininsunees where the 
partiailT ligand associated with a given reaptotjs 
l^own. the term probe tefen to those molecules designed 
as powotial Ugands for the receptor. „-k~n 
Monomer: Any roemberof the set of molecules wWchon 
be joined together to forai an oligomer or Poly-n^- ^ 
of i»nomers useful in the presem tai««.on "dudes, but u 
not restricted to, for the example of oligonudeoude synthe- 
sis ihe set of imdeoddes consisting of aderane. thymine. 
CTlosine. guanine, and uridine (A. T. C C and U. respec- 
S a^d synthetic analogs thereof. A. used herein, monc. 
men refers L any member of a ba«s set for »y^"J l 
oligomer. Different basis sets of monomen may be used at 
successive steps in the synthesis of a polymer. 

Oligomer or Polymer. Tbe oligomer or polymer 
sequences of the present invention are formed from ite 
chemical or eni^ymaiic addition of monomer subumUi. Su* 
Smcrs include, for example both Unear cycbc ^ 
br^ed polymers of nucldc acids, polysaahandes. phos- 
oMipids^d peptides having dther a-'. or *>-ammo 
ffieu^polyiScrs in which a krwwn drug is covalcnjly 
bound to any of the above, polyurelhanes polyesters, poly- 
caAonates. polyureas. polyamides, Poly^^y''"""?"-'' 
polyarylcne sulfides, polysiloxanes. polyiirudes. polyac- 
mt^or other polymers whid, will be madily apparent to 
one skilled in the an upon review of this disclosure. As used 
hcrrin. the ttrm oligomer or polymer » meant to includ. 
such molecules as P-.um mimeiics. prostagl»^dms and ben- 
lodiazcpines which can also be synthejiud m a stepwise 

fashion on a solid suppor.. .... ... 

Peolidc: A peptide is an oligomer in which the monomen 
arc amino adds and which are joined together through 
amide bonds and altcraalivcly referred to as a polypepudt^ 
m the context of this spcdficalion it should be appreciated 
that when a-amino acids are used, they may be the L-opl.c!j 
isomer or the D-opltcal isomer. Other ammo acids which arc 
useful in the present invention include umiaiuml amino ac.ds 
such a B alaninc. phcnylglycinc homoarginine and the liH.^ 
Pewides arc more than two amino acid monomers long.j"-o 
ofiln, mom than 20 «nino arid monomers «on8- Sl^f "° 
abbreviations for amino adds are used (e.g.. P f<" P™'.'"''- 
These abbreviations are included m Suyei. Biochtmtstry. 
Third Ed.. (1988). which U incorporaled hsrem by reference 

%h«MWte^des: An oligoraideotide is a single-stranded 
DNA or RNA molecule, typically prepared by syniheuc 
means. Altemativdy. naturally occurring oligomideoudes 
^gmenu thereof, may be isolated from thar natural 
sources or purdiased from commerdal sources. Those oh- 
gonudeotidc. employed in the pmsortinvenuon^^^^^ 
100 nucleotides in length, preferably from 6 to 30 nucle- 
otides, although oligonadcotides of iKfferenl length may be 
Lropriaie. Suimble oligomKleotides may be V^P»"\^y 
T phosphommiditc method dcsetibcd by Bcaucage and 
Sn?S T«raMron U,,.. 22:1859-1862 (1981). or by 
Die iriesler method according to Maiteucci. ei al.. / Am. 



Chan. Soc. 1033185 (1981), both incorporaud heron by 
reference or by other chemical methods usmg either a 
co^erdal- automau:d oligonudeotidc ^ytfesizar or 
Ss™ tedmology (discussed in 6^1 Wow)^Wh» 
oligonucleotides are refared to as "double-stranded it is 
Stood by those of skill in the an that a pair of 
oligonucleotides exist in a bydrogen-bondrd. hdical array 
wpl^ly as«,datcd with, for example. DNA. In addiuon to 
Se complementary form of double-stranded oligo- 
nucleotides^ term "dSuble-stranded" as used herem is 
to refer to those forms which tedude such 
Tt^ci^feawres as bulges and loops, ^cnbed more fiiBy 
i„ such biodiemistry texts as Stryer. Bu'chemmry^ '^^^ 
Ed.. (1988), previously incorporated herem by reference lor 

""rcZ^ A molecule thai has an affinity for a given 
ligand irprobe. Recepton may be r^>;-«™8 " 
m^madeVnolecules. Also, they can be °npl°y°» » *^ 
unalured nawral or isdated state or as aggregrUes with ott« 

"pedes. Rerrptors may be "'^'^J' V^Ta 

valenUv to a binding member, eitiier directly or wa a 
™cific bU?ding subsi^ice. Examples of receptors whidi can 
employed by this invention include, bu-. are not r«mct«l 
^ Sdies. cell membrane receptors, monoclonal anu- 
Sd"s and antisera reactive with specific anugemc dete • 
^anls (siidi as on vinises. cells or other materials), drugs. 
^Sotides. nucleic acids, peptides. cofacto«. lecUns. 
CjT^ polysaccharides, cells, cellular membranes, and 
'c^Plir&oi, are sometimes refenedto n Oie 
atui-lieands. As the term receptors is used herein, no differ- 
ed i^n meaning is intended. A "ligand-recep.or p^r « 
f^cd when two molecules have combined through 
Slar recognition to formaccmplex.Othcrexamplesor 

receptors which can be investigated by this mvenuon 
include but are not restricted to: 
a) Microorganism reccp.ors: Determination ?r li8^^°' 
pmbcs that bind to receptors, such as 'P'f = ^P°^ 
proieins or emymcs essential to ."'^^'»^; 
Euiisms is useful in a new dass of anu^iolics. 01 
particuli value would be antibiotics agdnst oppomi. 
rislic fungi, protozoa, and those bacteria resistant to the 
aniibiutics in currcnt use. 
M En/ymcv For instance, the binding site of eniymcs 
'\^ci;'rthe enzymes responsible cl-^ng neu- 
wiransmiltcrs. Dcicrminauon of ligarjds o P"bes 
bind to certain receptors, and thus modulate the acuon 
of the cn/.y.r« that cleave the differem 
icrs is useful in the dcvclopmem of dnigi thai cari be 
used in the ircaimcm of disorders of neurotransmission, 
cl Antibodies: For insuincc. the invention may be useful 
^ intStinS "he ligand-binding site on the anubody 
molecule which combines with the epitope of an anu- 
«n of interest. Determining a sequence that mimics an 
Litigenic epitope may lead to the d=velopm»l o 
vacdnes of which the immunogen .s b"ed «)„ one or 
more of sodi sequences, or lead to the d'velopmat of 
related diagnostic agents or compounds useful m thera- 

peuiic oeamienu such as for »"W>™»?"« 
(eg by blocking the binding of the "sdr anubodies). 

d) Nucldc Adds: m Invention may be usefiil in inves- 
tiSg aequences of micldc adds aeung as binding 
KSTular protdns ("trans-aaing fa«^ Sud, 
sequences may include, e.g.. IranscnpUon factors, sup- 
pxssors. enhancers or promoter sequences. 

e) Catalytic Polypcptidcs:-Polymers. preferably polypep- 
lidS. wWdi are capable of promoting a chemical 
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reaction involving ihe conversion of one or more 
rcacianis lo one or more products. Such polypeptides 
generally include a binding site spcdBc for at least one 
rcaciant or reaction tntermediaic and an active func- 
lionaliiy proximate to the binding site, which function- 
ality is capable of chcnucally modifying the bound 
rcactanL Catalytic polypqjlides arc described in. 
Lcrocr. R,A. a al.. Science 252: 659 (1991), which is 
incorporated herein by reference, 
f) Hoimone receptors: For instance, the receptors for 
insulin and growth hormone. Dclcnninaiion of the 
ligands which bind with high af&nity lo a receptor is 
Useful in ihc dcvclopmcoi of. for example, an oral 
replacement of the daily injections which diabetics 



to 



In FIG. ID, a icccpior 6. which can be a protein. RNA 
molecule or other molecule which is known lo bind lo DN A. 
is introduced to the library, Dcimruning which member of 
a library binds lo the receptor provides information which is 
useful for diagnosing diseases, sequencing DNA or RNA. 
identifying genetic charaaciisiics. or in drug discovery. 

In FIG. IE, the Uhkcr 4 is a probe for which binding 
information is jought.The probe is held in a conformation- 
ally restricted manner by Ihc Ranking oligomers 3 and 5, 
which arc present in a double- stranded conformation. As a 
result, a library of conformaiionally restricled probes can be 
screened for binding activity with a receptor 7 which has 
specificity for the probe 



repiaccmcni «. uu- *.y^w™.w ^.«^.. The prcscni invention also contemplaics the prcparaUon 

must lake lo relieve the symptoms of diabetes, and in 15 libraries of unimolecular, doublc-stiandcd oligonudc- 

Ihc other case, a replaccmcnl for ihc scarce human ©tides having bulges or loops in one of Ihc strands as 

growth borpone thai can only be obtained from cadav- depicted in FIG. IF In FIG. IF, one oligonucleotide 5 is 

ers or by recombinant DNA technology. Other shown as having a bulge 8. Specific RNA bulges arc often 

examples arc the vasoconstrictive hormone receptors; recognized by proteins (eg.. TAR RNA is recognized by ihc 

determination of those ligands that bind to a receptor 20 j^j protein of HIV). Accordingly, libraries of RNA bulges 
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or loops are useful in a number of diagnostic applications. 
One of skill in Ihe an will appreciate lhat ihc bulge or loop 
can be present in cither oligonucleotide portion 3 or 5. 
Libraries of Unimolecular, Double- Stranded Oligonucle- 
otides 

in one aspect, the present invention provides libraries of 
unimolecular double-stranded oligonucleotides, each mem- 
ber of Ihe library having ihe formiila: 

in which Y represents a solid support. X* and represent 
a pair of complementary oligonucleotides, L* represents a 
bond or a spacer, and represents a linking group having 
sufficient length such lhat X* and X^ form a double- stranded 
oligonucleotide. 

The solid support may be biological, nonbiological, 
organic, inorganic, or a combination of any of these, existing 
Ds panicles, strands, precipitates, gels, sheets, lubing. 
spheres, containers, capillaries, pads, slices, films, plates, 
slides, etc. The solid support is preferably flat but may lake 
on alicmaiivc surface configurations. For example, the solid 
support may contain raised or depressed regions on which 
synthesis lakes place. In some embodiments. Ihc solid 
support will be chosen lo provide appropriate light-absorb- 
ing charaaeristics. For example, ihc support may be a 
polymerized Langmuir Blodgcii film, functional izcd glass. 
Si. Ge. GaAs. GaP. SiO,. SiN*. modified silicon, or any one 
J, wnicn IS opiionai. miatuMi \\t u»t wn»mi wuw wi •pB«.«.> of a variety of gels or polymers^ such as (pDly)i 
is a first oligomer 3. which can be attached as a single uni: JO ethylene, (poly)vinylidcndinuondc. P^^^^" 
or synthesized on ihc support or spacer in a monomer by bonatc. or combinations Ihen^of. Other suiuble so id support 
monomer approach. FIG IB shows a subsequent stage in materials will be readily apparent ^o^^ose of skill in Ihe art^ 
Z prcparaUon of one member of a library according to the Preferably, the surface of ihe solid support will contain 
present invention. In ihis stage, a flexible lirJ;er 4 is attached reacuve groups, which could be cartioxyl. ammo, hydmxyl,. 
to the distal end of Ihe oligomer 3: Inoihcrcmbodimcms. the 5 J thiol, or ihc like. More preferably, the ^ 
fiexiblc linker will be a probe. FIG. IC shows the completed optically iranspareni and will have surface Si-OH func- 
surface-bound unimolecular double suandcd DNA which is tionalities. such as arc found on sihca surfaces. ^ 
one member of a library, wherein a second oligomers is now Attached to the solid support is an °P"0"f 'P=^^- ^ 

attached to the distal end of ihc fiexiblc linker (or probe). As spacer molecules are preferably of sufficient length to pcmut 
shown in FIG. IC. the length of ihe flexiWe linker (or probe) 60 the double -stranded oligonucleotides in ihc completed mcm- 
4 is sufficieni such lhat the first and second oligomers (which ber of Ihe library to intcraa freely with molecules exposed 
are complementary) exist in a doublcstranded conforma- to ihe library. The spacer molecules, when present, arc 
Uon. It will be appn;ciaicd by one of skill in Ihc art. that the lypically 6^50 atoms long to provide sufficient exposure for 
libraries of ihc present invention wiU contain multiple, the attached doublc^stranded DNA molecule. Thcspaccr. L . 
individually synthesized members which can be screened for 65 is comprised of a surface attaching portion and a longer 
various types of activity. Three such binding events are chain portion. The surface atiachmg portion is to partofL 
illuslraled iTRGS. 1 D, IE and IF which is dirccdy attached 10 the solid support. This portion 



may lead 10 the development of diugs 10 control blood 
pressure. 

g) Opiate receptors: Determination of ligands that bind to 
ihc opiate receptors in Ihc brain is useful in the devel- 
opment of less-addictive replacements for morphine 
and related drugs. 
Substrate or Solid Support: A material having a rigid or 
semi-rigid surface. Such materials will preferably take Ihc 
form of plates or slides, small beads, pellets, disks or other 
convenient forms, although other forms may be used. In 
some embodiments, at least one surface of ihc substrate will 
be substantially flau In other embodiments, a roughly spheri- 
cal shape is preferred. 

Synthetic: Produced by in viu-o chemical or enzymatic 
synthesis. The synthetic libraries of the present invention 
may be conuasied with those in viral or plasmid vectors, for 
instance, which may be propagated in bacterial, yeast, or 
other living hosts. 

DESCRIPTION OF THE INVENTION 

The broad concept of the present invention is illustrated in 
FIGS. lA to IF FIGS. lA. IB and IC illustrate Ihc prepa- 
niion of surface-bound unimolecular double stranded DNA, 
while FIGS. ID. IE. and IF illustrate uses for the libraries 
of the present bvcntion. 

FIG. 1 A shows a solid support 1 having on attached spacer 
2. which is optional. Attached lo the distal end of the spacer 
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can be attached lo the solid support via carbon-carbon bonds 
using for example, supports having (poly)txinuorochloro- 
ethylene surfaces, or prtfcrtbly, by sUoxtne bonds (using, 
for example, glais or silicon oxide as the solid support). 
Siloxane bonds with the surface of the support art formed in 
one embodimeni via reactions of surface attaching portions 
bearing mchlorosilyl or trialWoxysilyl groups. Tlie surface 
auaching groups_wiU also have a for auacj^e^^^^^^^^ 



of the compounds of the inveouon. ^^J"^"^ £««P wiU be 
provided with funcdooal groups which ^ be sm^ y 
or ictivaicd. The Un)dng group will be co^^f^? 

koached to each of the <»n'P^«^^««^^eonu'^^^ 
X^ by means of an ether, ester, carbamate. P^^?^^ 
Stef or BiTdne linkage, "me flexible linking group will be 
.Uficbed to the S-.hydroxyl of the laminal "^"0"^,^L^ 
and to ibe 3'-bydroxyl of the imUal monomer of X . m- 

' _ . _i V-.. ...v i;nV«mc \ifhtrn czn at 



_ and to me j -U7u*w*j» **» — . . u k_ 

luathine (troups wfll also have a site for atoclunem oi mc ^ m»ffs arc phosphaie esier Urlcages wtach can be 

fnr1« ehinwrtioo. For example, groups which are suitable J^^Tte same manner as the ol5gonudeon(fc ludug" 

KaST; loDgerThain^oKion would ii^lude «o ^ X' and X'. For example he«*)^- 

Sox I W^rA earboxyl. eneglycol STbe proteeK^ on ""^^^f.'J^'^j 

Swhing portions include aminoalkylsilanes tai hydroxy- ,ji,ttt wotecting group (i-C NVOC or MeNPOC) ma 
alkvkilanes. In paniculaily preferred cmboifimenls. the sur- 
face auaching ^on of L' is either bis(2.hydroxye«hyl)- 



aminopropyltrieihoxysilane, ^ 
2.hvdroxyethylaininopropyltriethoxysilanc,anunopropylin- 

cihixysilane or bydroxypropyltriclboxysilane. 

The longer chain portion can be any of a vanety of 
molecules which arc inert to the subsequent conditions for 
nolymcr synthesis. These longer rfiain portions wiU typi- 
cally be ai7l acetylene, ethylene glycol oligomers coniatning 
2-14 monomer units, diamines, diacids. amino acids, pcp- 
Udcs or combinations thereof. In some cmbodimcnis the 
,oog;r chain_pomon is a polynuclcoUde ^ long^ch.n 



Xairf on tht other lenninus with 2-cyanoe.^NJ^- 
diisopropylnnuowAIotophosphile lo form a phosphonBDa- 

iie^Unking group can .hen ^^^j^^^^"^ 
Ihe Ubiaiies in the same manraa- as the phololabile-proiecistt. 

phosphcraitidite-aeUyated ^^^'^^■/^'^r!^^:^"^ 
UnkMCS to X' and X' can be formed when the L has 
'ZL caiboxylic arid moires (using ^^'^yf'^J^^l 
X' and the 3-hydrox,l of X»). Other methods of fortmng 
elher. caibamair or amine linkages are known loUiose of 
sSdll in the an and particular reagents and reference can l>e 

found in such texts as March. tf''^'i°JV"\^"^'. 
4!h Ed. WUeylntersdence. New York. NX 1992. incor- 



loneer chiun portion »s a poiynucieoure. ~..b- nui cn., Tiutj-»..v.^ 

u^:f ir-hSliShK-^^^^^^ ' «n»c^d^X^ w«chiscov.e^ay .^^^^^^^^ 

SU^ SSSh^^^^^^ ■ ^oHgo«ucleoa«»e which is about 6 to abcnu 30 nuc^""'^^ 

'A]dSy!^Eo" use'in synthesis of the «branes of th^ and "^i"^,;^^'-'^?^'" ^/c^^^^^ 

! _„.n.!nn I ' will lYoically have a proiecung group, atiacbed ioo%. More prcfcrably. X ana a are i v s will 

Ta fTeuLl gS e . hydroxyl. amino or caiboxylic i„ ^ group of embodimems. e.*er X o X w.1 

diflTo^er;lin>l end of the chain portion M ft,i,„ comprise abulgc or loop poruon and exhibit comp^ 

\oZ^c t »Ud supp^). After deproteeUon and cou- ^.^ary of from 90 to 100% over .he remainder of Ok 

''Z^.flT^::^'°c:^T^ TJ:Z:^S"x'. TaljSW M-- embodiment, the solid su^r. 

^T^ t ?;n.k ^tndrf DNA or RNA molecule. The '^^L support, .he spacer is a polyelhyleneglycol eon- 
"r" Vil iefwwihw pSt ofih^ « uiaSd to w aminoalkylsilanc Oie liridng group ,$ a 

wS orfrom:bol tXut lOoL^^^ RcOiylencglycol roup. »d X' and X^ are c^^^^ 

pSw XMs an oligonucleotide which is about 6 lo ^ oligonucleotides each compnsmg of from 6 to 30 

Tl'^dlrK^tl^t^^^^^^^ ""S^!Sl^TanTave virtually any number of difTcrcnt 

' lit and a fu^Uo^al group on L' which results in the 4S »d will be limhed only by Oic number or v«i«y 

?^^r^rannr°^r^c^-co^P-P- ester c^»^^- -^^^^^^^^^ 

f h^SriZ t^th X' Tc icngrh of Oie linker will JO ^„ ^iwecn 100 and 10000 mcmbcn. "J^betwecn 

assays Tne Unking group itself will typically be an alkylcne 55 lo.OOO per cm'. - 

assays. I ne nn« Eg v ^ Conformaiionally Resincwd Pn)bcs 

(CR poly {ethyl aoylaic) having of from 3 lo 15 cUiyi (^rimXi: 

Ula^ monomers in a «ncar ^-.^^^^ ^^^^^^^ x"-Z-x" 
ohiliester gnwp. or a polynuclcoude (havmg from about 2 -X -Z x 

lo about 12 nucleic acids). Prcfcrably. the linking gnnip wm 

X*^ arc complementary oligonucleotides 

be a polyethyleneglycol group which is at leas, a tt.«ih- 65 ^'^^^^^ ,t,e will have suftcienl length such 

ylene^yeol. and more preferably, from about 1 to 4 hcxa- jnd i » ^ ^ ^.y^.,,,^ pNA portion of 

ethyleneglycols linked in a linear array. For use m synthesis ttal A an 
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cadi member. X" and X'^arcasdcscribcd above for X' and 
X' rcspodivcly, except thai for the prcsenl aspect of the 
invention, each rocmbcr of the probe Jibraiy can have the 
same XM and the same X". and differ only in the probe 
portion. In one group of embodiments. X" and X" arc i 
cither a poly-A oligonuclcoUdc or a poly-T ofigonadeoiidc. 

As noted above, each member of the library will lypicaliy 
have a difTercni probe portioiL The probes, Z, can be any of 
a variety of structures for which recepior-probt binding 



Ubraiics on a Single Substrate 
Ughi-Dirccicd Methods 

For those cmbodimcnis using a single solid support, ihc 
oligonudeoiides of the present invention can be formed 
using a variety of techniques known to those skilled in the 
an of polymer synthesis oo solid supports. For cxaniplc, 
•*fighl dinxted'* methods (which are one technique in a 
family of methods known as VLSEPSf^ meUiods) arc 
described in U.S. PaL No. 5,143,854, previously incorpo- 



information is sought for conformationally-restiiaed forms. 10 rated by reference. The light directed methods discussed in 
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For example, the probe can be an agonist or antagonist for 
a cell membrane receptor, a toxin, venom, vital epitope, 
hormone, peptide, cnzynx:, collector, drug, protein or anti- 
body. In one group of embodiments, the probes arc different 
peptides, each having of from about 4 to about 12 amino 
acids. Preferably the probes will be linked via polyphos- 
phate dicslers, although other linkages arc also suitable. For 
example, the last monomer employed on the X" chain can 
be a 5*-aminopropyl-funaionaliied phosphocarradiie nucle- 
otide (available from Glen Research, Sterling. Va., USA or 
Genosys Biouxhnologics. The Woodlands, Tex., USA) 
which will provide a synthesis initiation site for the caiboxy 
10 amino synthesis of the peptide probe. Once the peptide 
probe is formed, a 3'-succinylated nucleoside (from Cm- 
achem. Sterling. Va., USA) wfll be added imder pcpUde 
coupling conditions. In yet another group of cmbodimcnis. 
the probes will be oligonucleotides of from 4 lo about 30 
nucleic acid monomers which will form a DNA or RNA 
hairpin structure. For use in synthesis, the probes can also 
have associated functional groups (i.e., hydroxy!, amino, 
carboxylic acid, anhydride and derivatives thercoO for 
attaching two positions on the probe to each of the comple- 
mentary oligonucleotides. 

The surface of the solid support, is preferably provided 
with a spacer molecule, although it will be understood thai 
the spacer molecules arc not elements of this aspect of the 
invention. Where prcscnu the spacer molecules will be as 
described above for L*. 

The libraries of conform aiionally rcstriacd probes can 
also have virtually any number of members. As above, the 
number of members will be limited only by design of the 
particular scTCcning assay for which the library will be used, 
and by the synthetic capabilities of the practilioricr. In one 
group of embodiments, the library will have from 2 to 100 
members. In other groups of cmbodimcnis, the library will 
have bciwccn 100 and 10000 members, and between 10000 
and 1000000 members. Also as above, in preferred embodi- 
ments, the library will have a density of more than 100 
members at known locations per cm', preferably more than 
1000 per cm', more preferably more than 10.000 per em*. 
Preparation of the Libraries 

The present invcniion further provides methods for the 
preparation of diverse uni molecular, double-stranded oligo^ 
nucleotides on a solid support. In one group of embodi- 
ments, the surface of a solid support has a plurality of 
preselected regions. An oligonueleolidc of from 6 to 30 
monomers is formed on each of the preselected regions. A 
Unking group is then attached lo the distal end of each of the 
oligonucleotides. Br.ally. a second oligoouclcotidc b 
formed on the distal end of each linking group such thai the 
second oligonucleotide is complementary to the oligonucle- 
otide already present in the same preselected region. The 
linking group used vnll have sullideni length such thai the 
complcmcniary oligonucleotides form a unimolecular, 
double-stranded oligonucleotide. In another group of 6J 
cmbodimcnis, each chemically distinct member of the 
library will be synthesized on a separate sdid suppon. 
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the '854 patent involve activating predefined regions of a 
substrate or solid support arxJ then conuedng the substrate 
wiih a pnaclccted monomer solution. The predefined 
regions can be activated with a light source, typically shown 
through a mask (much in the manner of photolithography 
techniques used in integrated circuit fabrication). Other 
regions of the substrate remain inactive because they arc 
blocked by the mask from illumination and remain chemi- 
cally protected Thus, a light pattern defines which regions 
of the substrate react with a given monomer. By repeatedly 
acuvaiing different sets of predefined regions arid contacting 
different monomer solutions with the substrate, a diverse 
array of polymers is produced on the substraie. Of course, 
other steps such as washing unreactcd monomer solution 
from the substrate can be used as necessary. Other tech- 
niques include mechanical techniques such as those 
described in PCT No. 92/101 B3, U.S. PaL No. 5384,261 
also incorporated hefcin by reference for all purposes. Still 
further techniques include bead based techniques such as 
those described in PCT US/93/04145, also incorporated 
herein by reference, and pin based methods such as those 
described in U.S. Pat No. 5.288.514. also incoqwrated 
herein by reference. 

The VLSIPS^ methods are prcfcncd for making the 
compounds and libraries of the prcsenl invention. The 
surface of a solid support, optionally modified with spacers 
having phoiolabile proicciing groups such as NVOC and 
MeNPOC. is illuminaicd through a photolithographic mask, 
yielding reactive groups (typically hydroxyl groups) in the 
illuminaicd regions. A 3'-0-phosphoramidite activauyl 
dcoxynuclcoside (protecicd at the 5*-hydroxyl with a pho- 
iolabile protecting group) is then presented to the surface 
and chemical coupling occurs at sites that were exposed to 
lighi. Follownng capping, and oxidation, the substrate is 
rinsed and the surface illuminaicd through a second mask, lo 
expose additional hydroxyl groups for coupling. A second 
5'-proiccicd, 3*-0-phosphoramidiie activated deoxynudco- 
sidc is pniscntcd to the surface. The selcciive phoiodepro- 
icciion and coupling cycles arc repeated until the desired sei 
of oligonucleotides is produced. Aliemalively, an oligomer 
of from, for example. 4 to 30 nucleotides can be added lo 
each of ihc preselccicd regions rather than synlhesize each 
member in a monomer by monomer approach. Ai this point 
in the synthesis, diher a flexible linking group or a probe can 
be attached in a similar manner. For example, a flexible 
linking group such as polyethylene glycol will lypicaliy 
having an activating group (i.e., a phosphoramidiu;) on one 
end and a phoiolabile protening group attached to the other 
end. Suitably dcrivaiiLcd polyethylene glycol linking groups 
can be prepared by the methods described in Durand, ci al. 
Nucleic Acids Res. 18:6353-6359 (1990). Briefly, a poly- 
ethylene glycol (Lc., hcxacihylene glycol) can be mono- 
proiccied using McNPOC-chloridc. Following purification 
of the mono-proiecied glycol, the remairring hydroxy moiety 
can be activated with 2-eyanocihyl-N,N-diisopropylami- 
noehlorophosphiie. Once the HexiWe linking group has been 
attached to the first oligonudeoiidc (X'). deproicction and 
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coupling cycles wUl proceed uang S'-protccted, 3'-0-phos- 
phorair.idite acdvaicd dcoxynudcosidcs or intact digomm. 
Probes can be attached in a manner similar to that used for 
the flexible linking group. When the desired probe is itself 
an oligomer, il can be fonned dthcr in stepwise fashion on 
the immobiliicd oligonucleoadc or il can be separately 
synthesized and coupled to the immobilized oligomer in a 
sinelt step. For example, prcparatioo of conformationally 
res^cud fr-ium mimciics wiU typicaUy involve symhcsU of 



lar example the rcsulung sequences bound to the substrate 
at this stage of processing will be, for example. A, B, and 
AB The process is repeated to form a vast array of 
sequences of desired length at knovm locations on the 

substrate. . „ , 

After the subsiialc is acuvated. monomer A can be Bowed 
through some of the channels, monomer B can be flowed 
through other channels, a monomer C can be Bowed through 
sliU other channels, etc. In this manner, many or all of the 



nucleoside monomer will be den vacicd with an ammoall^l 
funcuonalizcd phosphoramiditc. Sec, U.S. Pat No. 5,288, 
514 previously incorporated by reference. The desired 
peptide probe is typically formed in the direction from 
caiboxyl to amine terminus. Subsequent coupUng of a 
3*.sucrinylaicd nucleoside, for example, provides the first 
monomer in the construction of the complementary oligo- 
nucleotide strand (which is carried out by the above meth- 
ods). Alicmativcly, a library of probes can be prepared by 



Channel block must be moved or the substrate must t)c 
washed and/or rcacuvatcd. By making use of many or all of 
the available reaction regions simultaneously, the number of 
washing and activation steps can be minirmzcd. 
15 One of skill in the art will rccognire that there arc 
alternative methods of forming channels or otherwise pro- 
tecdng a portion of the surface of ihc substrate. For example, 
according to some embodiments, a proicaive coating such 
as a hydrophUic or hydrophobic coating (dcpcndmg upon 



ods). Alicmatively. a Iibisry of proDM c«n oe of $^^^^ uillircd over ponlonj of the 

first (toivaazing . solid ^^}Y^^^^!^:^i::^_yj]^^tl^ » '^■J^^T^l^:^.^Z.^r:^ in combinaUon wJU. 



polyO") oligonucleotides which are suitably protected with 
phoiolabilc protcaing groups, deprotccting at known sites 
and consiTJCting the probe at those sites, then coupling the 
complementary poly(T) or poly(A) oligonudcodde. 

Row Channel or Spotting Methods 

Additional methods applicable lo library synthesis on a 
single substrate arc described in co-pending applications 
Scr No. 07/980,523, filed Nov. 20, 1992. and U.S. Pat. No. 
5.384,261. incorporated herein by reference for all purposes 



substrate to be protected, sometimes m combination witn 
inaicrials that facilitate wetting by the reactant soluuon m 
other regions. In this manner, the flowbg sohitions arc 
further prevented from passing outside of thcu designated 

25 flow paths. , . 

The "sponing" methods of preparing compounds ar\d 
libraries of the present invcnUon can be implemented m 
much the same manner as the flow channel methods. For 
example, a monomer A can be delivered to and coupled with 



5.3K26I.mcotpomcdhcracit)yrctcicnccioraiipiirpo»«. "^"r.Tnuoof ruction regions which have been appropri- 
,„ U,. methods .^."^S/ZSc^ a monomer B can be delivered ic 



delivered to the substrate by cither (I) flowing within a 
channel defined on predefined regions or (2) "spotting" on 
predefined regions. However, other approaches, as well as 
co.-nbinaiions of spotung and flowing, may be employed. In 
each instance, certain activated regions of the subsUTitc are 
mechanically separated from ether regions when the mono- 
mer solutions arc delivered to the various reaction sites. 

A typical "flow channel" method applied to the com- 
pounds and libraries of the present invention can generally 



atclv activated. Thereafter, a monomer B can be delivered to 
and' reacted with a second group of activaued reaction 
regions. Unlike the flow channel embodiments dcscnbcd 
above reaciants arc delivered by directly dcposidng (rather 
35 than flowing) rolalivcly small quaniiucs of Ihcra m sctocd 
regions. In some steps, of course, the entire subsiraie surface 
can be sprayed or otherwise coated with a solution. In 
preferred embodiments, a dispenser moves from region to 
region, depositing only as much monomer as necessary at 



pounds and libraries or the present invcnuon can gen^^.j ''1*;.^";;:^"^:;:^^^^^^^^ indudc a micropipciic to 

Z described as follows. Diverse polymer sequences arc 40 ea h stop ^^P^^^^.^^^'^^^^^^ and a roboUc 

synthesized at selected regions of a subsL-ate or solid support deh vo^ the ^ Se micro pi peUe with 

by forming flow channels on a surface of the substra^ ys^m to ^^^^^^^^^^^^^^ ^^Jj, m other 

subs.nuc in all or a pan of ihc selected regions is acUvaied """^'Jf; 

for binding by. for example, flowing appajpnalc rcagoiu ^":fh„„~^ which is useful for ihe preparation of 

lhn,ugha)lorsomcorthechannels.orby washing theenute ^^^^^ " ^d^bt^f of ihTprescnl invekiion involves 

substrate with appropriale itagenls. After plaeetnenl of a 30 ="7.'""? 

channel block on Ihe surface of ihc substrate, a reagent pm ^^^^ '/"i^^^^^^^ H Susly incorporated herein by 

having the monomer A flows through or « pl»c^ "> »1 » y/LKhe S uX^Ta suLSaving a plutalily . 

some of the channel(s). The channels provide fluid contact "/"^f„7^J^' "^^^n^^ The pins zic each insened 

,0 Cte first selected regions, thereby bindtng >hc monomer A i;,^^>„=S3,;eage^^^ containers in a tray, 
on the substrate directly or tndircctly (v.a a spacer) tn the 55 '^J^^^'^^^ ^-^J^f^ „3y of 96 pins/conuincn is 

first selected regions. j , ^ j ,..;i;,«t 

Thereafter, a monomer B i» coupled to second selcfled ^ ^^^j^ ,„g„, for coupling in 
regions, some of which may be included among lhe fim ^^^^^^ '^,3 ^^tion on an individual pin. Accord- 
selected regions. The second selected regjons wO be nfl^^^^ foKe^yl^ll often contain different reagents. Since 
contact with a second Bow channel (s) attOugh Wnslwon M '"f'^^'^ ^^^j^j^^i^^rin 

rotation, or n^lacement of the channel b^ck on Ute surf^^^ *^Sy^™^^of «acUon condiUons may be utilized 

of the substrate; through opening or closing a selected valyc, f^'^'*^^^ "?1 ^ ,,acuonj il becomes posable to 

or through dcposidon of a layer of chemica^ or photonjs.su ^^^^^ ehe^^cd coupltag steps simultiTcously. In 

r:tr^BK^ordX^?^UraS?- "cLXriie -ra^ is cptionall, pLdcd with a 
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Spacer having active sites. In the particular case or oHgo- 
nucleotides, for example, the spacer may be selected from a 
wide variety of tooleculcs which can be used in or;ganic 
environments associated with synthesis as well as aqueous 
enviroomenu associated with binding studies. Examples of 
suitable spacers are polyethylcoeglyools, dicarboxylic acids, 
polyamines and alkylenes. substituted with, for example, 
mcthoxy and cthoxy groups. Additionally, the spacers wil) 
have an active site on the (fistal end. The active sites arc 
optionally protected initial ty by protecting groups. Among a 
wide variety of protecting groups which arc useful are 
FMOC BOC t-butyl esters, i-buiyl ethers, and the like. 
Various exemplary protecting groups arc described in. for 
example. Athenon el a1.. Solid Phase Ptptide SyUhesU^ IHJL 
Press (1989), incorporated herein by reference. In some 
embodiments, ihc spacer may provide for a cleavable func- 
tion by way of. for example, exposure lo acid or base. 
Libraries on Multiple Substrates 
Bead Based Methods 



probe which is present on each bead. A complete description 
of ideruifier tags for use in synthetic libraries is pro\nded in 
co-pending appHcaiion Ser. No. 08/146.886 (filed Nov. 2. 
] 993) previously incorporated by reference for all purposes. 
5 Methods of Library Screening 

A library prepared according to any of the methods 
described above can be used to screen for receptors having 
■ high afiioity for cither unimolecular. double-stranded oligo- 
nucleotides or conformatioDally restricted probes. In one 

10 group of embodiments, a solution containing a marked 
(labelled) receptor is introduced to the library and incubated 
for a suitable period of dme. The library is then washed free 
or unbound receptor and the probes or doDb)e*stranded 
oligonucleotides having high affinity for the receptor are 

11 identified by identifying those regions on the surface of the 
library where markers arc located. Suitable markers include, 
but are not limited to. radiolabels. chromophores. fluoro- 
phores. chemi luminescent moxeiies, and transition metals. 
Altemaiively, the presence of receptors may be detected 



Ycl another method which is useful for synthesis of 20 using a variety of other techniques, such as an. assay with a 

compounds and libraries of the present invention involves labelled enzyme, antibody, and the like. Other techniques 

*'bcad based synthesis.** A general approach for bead based using various marker systems for deieaing bound receptor 

synthesis is described copending application Ser. Nos, will be readily apparent to those skilled in the an. 

07/762^22 (filed Sep. 18. 1991 now abandoned); 07/946. In a preferred embodiment, a library prepared on a single 

239 (filed Sep. 1 6. 1992); 08/146.886 (filed Nov. 2. 1993); 75 solid support (using, for example, the VLSIPS™ technique) 



07/876.792 (filed Apr. 29. 1992) and PCT/US93/04145 
(filed Apr. 28. 1993). the disclosures of which are incorpo- 
rated herein by reference. 

For the synthesis of molecules such as oligonucleotides 
on beads, a large plurality of beads arc suspended in a 
suitable carrier (such as water) in a container. The beads arc 
provided with optional spacer molecules having an active 
site. The active site is proiccicd by an optional protecting 
group. 



can be exposed lo a solution containing marked receptor 
such as a marked antibody. The receptor can be marked in 
any of a variety of ways, but in one embodiment marking is 
effected with a radioactive label. The marked antibody binds 
30 with high affinity to an immobilized antigen previously, 
localized on the surface. After washing the surface free of 
unbound receptor, the surface is placed proximate to x-ray 
film or phosphorimagcrs lo identify the antigens that arc 
recognized by the antibody. Altemaiively. a fluorescent 
In a first step of the synthesis, the beads arc divided for 33 marker may be provided and detection may be by way of a 
coupling into a plurality of containers. For the purposes of charge-coupled device (CCD), fluorescence microscopy or 
this brief description, the number of comaincr^ will be laser scanning. 

limited to three, and the monomers dcnouid as A. B. C. D. When autoradiography is the deteaion method used, the 

E. and F. The protecting groups arc then removed arxJ a first marker is a radioacii vc label, such as F. The marker on the 
portion of the molecule to be synthesized is added to each of 40 surface is exposed to X-ray film or a phosphorimagcr. which 

i& developed and read om on a. scanner! An exposure lime of 
about 1 hour is typical in orK cmbodimcnL Fluorescence 
detection using a nuorophorc label, such as fluorescein, 
attached to the rccepior will usually require shone r exposure 
limes. 

(Quantitative assays for reccpior concentrations can also 
be performed according to the present invention. In a direct 
assay method, the surface containing localized probes pre- 
pared as described above, is incubated with a solution 
coninining a marked rccepior for a suitable period of lime. 
The surface is then washed free of unbound receptor. The 
amount of marker present at predefined regions of the 
surface is then measured and can be related to the amount of 
rccepior in solution. Methods and conditions for performing 
such assays arc well -known and arc presented in. for 
example, L. Hood ei al.. Immunology, Benjamin/Curamings 
(1978). and E. Hailow el al.. Antibodies, A Laboratory 
Manual, Cold Spring Harbor Laboratory. (1988). Sec. also 
U.S. PaL No. 4376,1 10 for methods of performing sandwich 
assays. The precise conditions for performing these steps 
will be apparent to one skilled in ihe art. 

A competitive assay method for two receptors can also be 
employed using the present invention. Methods of conduct- 
ing competitive assays are known to those of skill in the art. 
One such method involves inunobiKziDg conformational ly 
resinned probes on predefined regions of a surface as 
described above. An urunarkcd first receptor is then bound 



the three containers (i. c., A is added lo container 1, B is 
added lo coniaiTKr 2 and C is added lo coniairKr 3). 

Thereafter, the various beads are appropriately washed of 
excess reagents, and remixed in one container. Again, it will 
be recognized that by vinue of the large number of beads *i 
utilised ai the outset, there will similariy be a large number 
of beads randomly dispersed in the container, each having a 
particular first portion of the monomer to be synthesized on 
a surface thereof. 

Thereafter, the various beads arc again divided for cou- 50 
pling in another group of three containers. The beads in the 
first container arc dcproiecied and exposed to a second 
monomer (D). white the beads in the second and third 
containers arc coupled to molecule portions E and F respec- 
tively. Accordingly, molecules AD, BD, and CO will be 55 
present in the fint container, while AE. BE. and CE will be 
prcseni in the second container, arxl molecules AF. BF, and 
CF will be present in ihe third container. Each bead, how- 
ever, will have only a single type of molecule on its surface. 
Thus, all of the possible molecules formed from the first 60 
portions A. B, C, and the second portions D, E, and F have 
been formed. 

The beads arc then recombincd into one container and 
addiiiorud steps such as arc conducted to complete the 
synthesis of the polymer molecules. In a prefcacd cmbodi- 63 
menu the beads arc lagged with an identifying tag which is 
unique to the particular double-stranded oligonucleotide or 
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10 the probes on the surface having a known spedfic binding 
affinity for the receptors. A solution containing a mariced 
second rccepior is ihcn ininxluced to the surface and incu- 
bated for a suitable time. The surface is then washed free of 
imbound reagents and the amount of marker remaining on 
the surface is measured. In another form of corapctitjon 
assay, marked firid uamarlccd receptors can be exposed to the 
surface-simultaneously. The amount of marker remaining on 
predefined regions of the surface can be idatcd to the 
amount of unknown receptor in solution. Yet another form of 
competition assay will utilize two receptors having diflFcrcnt 
labels, for example, two cEffcrcnt chromophorcs. 

In other embodiments, in order to detect receptor binding, 
the doublc-suanded oligonucleotides which are formed with 
attached probes or with a flexible linking group will be 
treated with an intercalating dye, preferably a fluorescent 
dye. The library can be scanned to establish a background 
nuorcsccnce. After exposure of the library to a receptor 
solution, the exposed library will be scanned or illuminated 
and examined for those areas in which fluorescence has 
changed. Alicmaiivcly, the receptor of interest can be 
labeled with a fluorescent dye by methods known to those of 
skill in the an and incubated with the library of probes. The 
library can then be scanned or illuminated, as above, and 
examined for areas of fluorescence. 

In instances where the libraries are synthesized on beads 
" a number of containers, the beads arc exposed to a 



m 



ing incubation with the unlabeled protein, the library will be 
treated with DNase I and examined for areas which arc 
protected from cleavage. 
The assay methods described above for the Ubfarics of the 
5 present invention can also be used in reverse drug discovery. 
In such an application, a compound having known pharma- 
cological safety or other desired properties (e.g.. aspirin) 
could be screened against a variety of douWc-stranded 
oUgonuclcoddes for potential binding. If the compound is 
10 shown to bind to a sequence assodaied with, for example, 
tumor suppression, the compound can be further examined 
for efficacy in the related diseases. 

In other embodiments, probe arrays compriang P-tura 
rrumctics can be prepared and assayed for activity against a 
15 particular receptor, p-tum rnimeiics are compounds having 
molecular stmaures similar to p-tums which are one of the 
three major components in protein molecular arciutecnire. 
p-mms are similar in concept to hairpin turns of oligonucle- 
otide suands. and are often critical recognition features for 
20 various protrin-ligand and protein-protein interactions. As a 
result, a library of ^-lum mimetic probes can provide or 
suggest new therapeutic agents having a particular affinity 
for a rccepior which will correspond to the a0iniiy exhibited 
by the p-tum and its receptor. 
23 Bioclccuonlc Devices and Methods 

In another aspea. the present invention provides a method 
for the bioclecu-onic detection of sequence- specific oligo* 
nucleotide hybridization. A general method and device 
which is useful in diagnostics in which a biochemical 
species is attached to the surface of a sensor is described In 
U.S. Pai. No. 4^62.157 (the Lowe patent), incorporated 
herein by reference. The present method utilises arrays of 
immobilized oligonucleotides (prepared, for example, using 
VLSIPS^^ technology) and the known photo-induced clcc- 



rcccplor of inicresL In a preferred embodiment Ibe receptor 
is fiuorcscenOy or radioactivdy labelled. Thereafter, one or 
more beads arc identified that exhibit sigmficant levels of, 30 
for example, fluorescence using one of a' variety of tech- 
niques. For example, in one embodiment, mechanical sepa- 
ration under a microscope is utiUzcd. The identity of the 

molecule on the surface of sudi separated beads is then . j ko - nwA rinnWi- htHx 

identified using, for example. KMR, mass spectrometry. 33 tron uansfer wbch » medta ed a DNA d^^^^^^ 

PCR amplification and sequencing oflhcassodatcdDN A. structure. Sec, Murphy ci al.. Science 262.10^^^ 

or the like. In another erSodimcm. automated sorting (i.e.. (1993). This mc^od u useful m hybndizauonba^^^^^ 

fluorescence activated cell soning) can be used to separate nostics, =u a « placement for 

beads (bearing probes) which bind to receptors from those systems. The method of bioclcctromc dctccuon also offers 

which do not bind. TVpically the beads will be labeled and 40 higher resolution and potentially higher sensumty than 

identified by mcOiods disclosed in Nccdcls. et al.. Froc. earlier diagrwstic 

Nail Acad. ScL, USA 90:10700-10704 (1993). incorporated by hybridirauon. As a result, this method finds applications 
hcrcin bv rcfcr^ ^^^^^^ mu\2Uon screening and pnmaiy scqucnang of 

The assay methods described above for the libraries of the oligonucleotides. Ihc mcUiod can also be used for Scqucnc- 

prcsent invention will have uemcndous application in such 43 ing By Hybridization (SB »^ "^^^ ^ 

endeavors as DNA -fooiprinting" of proteins which bind pending aPPl'"i*°" Scr. Nos 08/M2.9^^ (filed Jun^ 25 

DNA, CuaenUy, DNA ^otprinting is conducted using t993 now abandoned) and 08/168 904 (filed D^^^^^^ 

DNase I digestion of doublcstranded DNA in the presence each of which arc incorporaied herein by re ercncc for a^l 

of a putative DNA binding protein. Gel analysis of cut and purposes. Tliis method uses a set of short oUgonud^ 

protc^ed DNA fragments Jl^en provides a "footprint" of so probes of ^^^^-^^^^^^^^^^^^^ 



where the protein contacts the DNA. This method is both 
labor and time intensive. Sec. Galas cl al.. Nucleic Acid Res, 
3:3157 (1978). Using the above methods, a "footprint" could 
be produced using a single array of unimolccula.% double- 
stranded oligonucleotides in a fraction of ihc time of con- 
ventional methods. Typically, the protein will be labeled 
with a radioactive or fluorescent species and incubated with 
a library of unimolecular. double-stranded DNA, Phospho- 
rimaging or fiuorcsccncc detection will provide a footprint 



sequences oa a longer largci strand of DNA. The hybrid- 
ization pattern is used to reconstruct the target DNA 
sequence. Thus, the hybridization analysis of large numbers 
of probes can be used to sequence long slrclches of DNA. In 
55 immediate applications of this hybridization methodology, a 
■ small number of probes can be used to inicuogau local 

DNA sequence. ... 

In the present inventive method, hybridization is moni- 
tored using bioclecuonic detection. In this method, the target 



SSo' o^u;^^^^^^^ « DNA. or firs, eHgc««.eoudc t, provided with . n c,^^^^ 

/Jlo^livdY urdabeledlSrin can be wed. When unla- donor lag *i>d Ihcn tncubucd wih an «t»y of oligODucle. 

S'd^l-i" »«i a,e'double.s«nded oHgonucIeo.id.s cud. probes, each of which bears » el-iron-^C'^on«g 

in *c Ubr<»y will rfl be bbclcd wiih . marker, typically a and. occupies a knovmposmon on Ihe ^fj^f"^^'^- 

■ fluocLcenrLva. IncorporaUon of a maAcr imo each Aficr hybritouon of ihe firsi ol.gonucleomk lo the «™y 

Tr^ of the Kbrary canbe carried out by terminaUng the « h.5 eeeumd. the hybndiied array u nhrminaicd to nducc 

SigXlootide syniesia with a commercially available „elcarontr»sferre^on.nthedKecli(mof the »^^^^ 

fluSg phos^ramidiie nucleotide derivaUve. Follow- Ihe array. Tbe eJecoot transfer racuon ,s then delected »l 
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the locaiion on the surface where hybridiuiion has laken 
place. Typically, each of the oHgonuclcctidc probes in an 
amy will have an attached clectroa-acceptor tag locaxed 
near the surface of the solid suppcn used in preparatkin of 
the amy. In embodiments m which the amys are prepared s 
by lighi-directed incibodj (i.e, typically 3' to y direction), 
the elcctionacccptor lag will be located near the 3* position. 
The dectron-accepioT lag can be au&chcd either to the 3' 
monomer by methods known to those of slcill in the an. or 
ic can be oiuched to a spacing group between the 3' lo 
monomer and the solid support Such a spacing group will 
have, in addition to funciiooal groups for auachment to the 
solid support and the oligonucleotide, a third functional 
group for attachment of the elcctronacocptor tag. The target 
oligonucleotide will typically have the electron-donor tag is 
attached at the 3* position. Alternatively, the target oligo- 
nucleotide can be incubated with the array in the absence of 
an electron-donor tag. Following incubation, the clcctron- 
donor tag can be added in soluGon. The electron-donor tag 
will then iniercalaic into those regions where hybridization 30 
has occuned. An electron transfer reaction can then be 
delected in those regions having a continuous ONA'double 
belix. 

The electron -donor tag can be any of a variety of com- 
plexes which participate in electron transfer reaaions and 2S 
which can be attached to an oligonucleocidc by a means 
which docs noi interfere with the electron transfer reaction. 
In preferred embodiments, the clectron-<lonDr tag is a ruthe- 
nium (U) complex, more preferably a ruthenium (U) 
(phcn*)2(dpp7.) complex. 30 

The electron-acceptor lag can be any species which, with 
the clcciron-donor tag, will participate in an electron transfer 
reaction. An example of an electron-acceptor tag is a 
rhodium (111) complex. A prefenncd election -acceptor tag is 
a rhodium (III) (phi)2(phcn') complex. 35 

In a particularly prcfcrrcd embodiment, the electron- 
donor tag is a ruthenium [II) (phen'>2(dppz) complex and the 
electron- acceptor lag is a rhodium (III) (phi)2(phen') com- 
plex. 

In still another aspect, the present invention provides a 40 
device for the bioclcctronic detection of sequence-specific 
oligonucleotide hybridization. The device will typically con- 
sist of a sensor having a surface to which an array of 
oligonucleotides are attached. The oligonucleotides will be 
attached in prc-dcfincd areas on the surface of the sensor and 45 
have an eleciron- acceptor Ug attached to each oligonucle- 
otide. The electron •acceptor tag will be a tag which is 
capable of pn>ducing an electron transfer signal upon illu- 
mina.ion of a hybridized species, when the complementary 
oligonucleotide bears an clccirondonating lag. The signal 50 
will be in ihc direction of ihe sensor surface and be detected 
by the sensor. 

In a preferred embodiment, the sensor surface will be a 
silicon-based surface wtuch can sense the electronic. signal 
induced and. if nccessa.7, amplify the signal. The mcio! 35 
contacts on which the probes will be synthesized can be 
treated wiih en oxygen plasma prior to synthesis of the 
probes to enhance the silane adhesion and conccniraiion on 
the surface The surface wDl further comprise a multi-gated 
field eticct transistor, with each gale serving as a sensor and 60 
diGTercnt oligonucleotides attached to each gate. The oligo- 
nucleotides will typically be attached to the metal contaas 
on the sensor surface by means of a spacer group. 

The spacer group should not be too long, in order to 
ensure lhai the sensing Function of the device is easily 65 
activated by the binding imcraetion and subsequent ilhimi- 
naiion of the "lagged" hybridiicd oligonucleotides. Prefer- 



ably, the spacer group is from 3 10 1 2 atoms in length and 
will be as described above for the surface modifying portion 
of the spacer group. L'. 

The oligonucleotides which are attached to the spacer 
group can be formed by any of the solid phase techniques 
which are known to ihosc of skill in the art. Preferably, ihc 
oUgonucleotides are formed one base at a time in the 
direction of the 3' terminus to the 5* terminus by the 
*'light-directed" methods described above. The oligonucle- 
otide can then be modified at the 3* end to attach ihc 
electron-acceptor lag. A number of suitable methods of 
attachment are known. For example, modification with the 
reagent AminolinIc2 (from Applied Biosystcms. Inc.) pro- 
vides a terminal phosphate moiety which is dcrivatizcd with 
an aminohcxyl phosphate ester Coupling of a carboxylic 
add, which is present on the clcctrdn-accepior tag. to the 
amine can then be carried out using HOBT and DCC. 
Altcmaiively. synthesis of the oligonucleotide can begin 
with a suitably derivaiizcd aiKl protected monomer which 
can then be dcprotcctcd and coupled to the elearon-aeceptor 
tag once the complete oligonucleoiidc has been synthesized. 

The silica surface can also be replaced by silicon nitride 
or oxynitride, or by an oxide of another metal, especially 
aluminum, titanium (IV) or iron (III). The surface can also 
be any other film, membrane, insulator or semiconductor 
overlying the sensor which will not interfere with the 
detection of electron transfer detection and to which an 
oligonucleotide can be coupled. 

Additionally, detection devices other than an FET can be 
.used. For example, sensors such as bipolar transistors, MOS 
uansisio:? and the like are also useful for the dcteaion of 
electron transfer ^gnals. 
Adhcsivcs 

In still another aspect, the present invention provides an 
adhesive comprising a pair of surfaces, each having a 
plurality of attached oligonucleotides, wherein the single- 
suundcd oligonucleotides on one surface are complementary 
to the single-stranded oligonuclcoUdes on the other surface. 
The sucnglh and position/orientation specificity can be 
conuollcd using a number of factors including the number 
and length of oligonucleotides on each surface, the degree of 
complementary, and the spatial aaangcment of complcmen- 
laiy oligonucleotides on the surface. For example, increas- 
ing the number and length of the oligonucleotides on each 
surface will provide a stronger adhesive. Suitable lengths of 
oligonuclcoiidcs are typically from about 10 to aboul 70 
nucleotides. Additionally, the surfaces of oligonucleotides 
can be prepared such that adhesion occurs in an extremely 
posi lion -sped fic manner by a suitable arrangement of 
complementary oligonucleotides in a specific patiem. Small 
deviations from the optimum spatial arrangement arc ener- 
getically unfavorable as many hybridization bonds must be 
broken and arc not reformed in any other relative orienta- 
tion. 

The adhcsivcs of the present invention will 5nd use in 
numerous applications. Generally, Ihe adhcsivcs arc useful 
for adhering two surfaces to one another. More sped fi colly, 
the adhesives will find application where biological com- 
patibility of the adhesive is desired. An example of a 
biological application involves use in surgical procedures 
where tissues must be held in fixed positions during or 
following the procedure. In this application, ihe surfaces of 
the adhesive will typically be membranes which arc com- 
patible with the tissues to which they arc attached. 

A particular advantage of the adhesives of the present 
invention is that when they arc formed in an orientation 
sped fic manner, the adhesive portions will be **sclf- finding." 
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ihai is the system will go i6 the ihcnnodynamic equilibrium 
in which the two &idcs are matched in the predetermined, 
odcnuiion spedfic maimer. 

EXAMPLES 5 

Example 1 

This example iHustraics the general synthesis of an array 
of unimolecular. double-stranded oUgooucleoudes on a solid 
support. 

Unimolecular double stranded DNA molecules were syn- 
thesized on a solid support using staodaid light-direoed 
methods (VLSIPS™ protocols). Two hcxacthylcnc glycol 
(PEG) linkers were used to covalenily aUadi the synihesizcd 15 
oligonudcoddcs lo the derivatized glass surface. Synthesis 
of the first (inner) strand proceeded one nucleotide at a time 
using repealed cycles of photo-deprotection and chemical 
coupling oF protected nucleotides. The nucleotides each had 
a protecting group on the base portion of the monomer as 30 
well as a photolabilc MeNPoc protecting group on the 5' 
hydroxy;. Upon completion of the inner strand, another 
MeNPoc-proiecied PEG linker was covalently attached to 
the 5' cckJ of the surface-bound oligonucleotide. After addi- 
tion of the internal PEG linker, the PEG is pholodcprotected, 25 
and the synthesis of the second su^d proceeded in the 
normal fashion. Following the synthesis cycles, the DNA 
bases were depiotected using standard protocols. The 
sequence of the second (outer) strand, being complementary 
to ihai of the inner strand, provided molecules with short, 30 
hydrogen bonded, unimolecular double-stranded suucturc 
as a result of the presence of the iniemal flexible PEG litOcer. 

An array of 16 different molecules were synthesized on a 
derivatized glass slide in order to determine whether short, 
unimolecular DNA siruaurcs could be formed on a surface 35 
and whether they could adopt structures that arc recognized 
by proteins. Each of the 16 different molecular species 
occupies a different physical region on the glass surface so 
thai there is a onc-to-onc correspondence between molecular 
identity and physical location. The molecules arc of the form 40 
S-P-P-C-C-A/T-An'-A/T-A/T-G-C-P-G-C-A/T-AA'-A/T- 
An-G-G-F 

where S is the solid surface having silyl groups, P is a PEG 
linker, A. C. G, and T arc the DNA nucleotides, and F is a 
(luorcsccm lag. The DNA sequence is listed from the 3' to 
the 5' end (the 3' end of the DNA molecule is attached to the 
solid surface via a silyl group and 2 PEG linkers). The 
sixteen molecules synthesized on the solid support differed 
in the various pcrmutaiions of A and T in the above formula. 

Example 2 

This example illusuates Ihc ability of a library of surface- 
bound, unimolecular. double -stranded oligonucleoudcs 10 
exist in duplex form and lo be recognized and bound by n 35 
protein. 

A library of 16 different members was prepared as 
described in Example 1. The 16 molecules all have the same 
composition (same number of As, Cs, Gs and Ts), but the 
order is different. Four of the molecules have an outer strand 60 
lhat is 100% complementary lo the inner strand (these 
molecules will be rtfcrrcd to as DS. doublestranded. below). 
One of the four DS oligonucleotides has a sequence that is 
recognized by the restriction enzyme EcoRl. If the molecule 
can loop back and form a DNA duplex, it should be 63 
recognized and cut by the rcsiriaion enzyme, thereby releas- 
ing the fluorcsceni Ug. Thus, the action of the enzyme 
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provided a functional test for DNA structure, and also served 
to demonstrate lhat these structures can be recognized at the 
surface by proteins. The remaining 12 molecules had outer 
strands that were not complementary to their inner strands 
(referred to as SS, single-stranded, below). Of these, three 
had an outer strand and three had an inner strarxi whose 
sequence was an EcoRl half-site (the sequence on one 
strand was correct for the enzyme, but the oiha half was 
not). The solid support with an array of molecules on the 
surface is referred to as a "chip" for the purposes of the 
following discussioa The presence of fluoresccnlly labelled 
molecules on the chip was delected using oonfocal fluores- 
cence microscopy. The action of various enzymes was 
determined by monitoring the change in Ihe amount of 
fluorescence from the molecules on the chip surface (e.g. 
"rca^ng" the ciip) upon treatmeiU with enzymes ihai can 
cut the DNA and release ihe fluorescent lag at the S* end. 

The three different en^mes used to characterize the 
structure of the molecules on the chip were: 

1) Mung Bean Nuclease — sequence independent, single- 
strand specific DNA endonuclcasc; 

2) DNasc I — sequence independent, double-strand spe- 
cific cndonuclease; 

3) EcoRl— teslriction endonuclcasc that iccognizes the 
sequence (S'-S") 

GAATTC in double stranded DNA. and cuts between the 
G and the first A. Mung Bean Nuclease and EcoRl were 
obuined from New England Biolahs. and DNase 1 was 
obtained from Boehringer Mannheim. All enzymes were 
used at a concenuaiion of 200 units per mL in the buffer 
recommended by the manufacturer. The enzymatic reactions 
were performed in a 1 mL flow cell at 22" C. and were 
typically allowed to proceed for 90 nunuies. 

Upon ircaimcnl of the chip with ihc enzyme EcoRl. ihe 
fluorescence signal in the DS EcoRl region and the 3 SS 
regions with the EcoRl half-site on the outer strand was 
reduced by about 10% of its initial value. This reduction was 
ai least 5 tiroes greater than for the other regions of the chip, 
indicating thai the aaion of the enzyme is sequence specific 
on the chip, ll was not possible to dcumninc if the facior is 
greater lhan 5 in these preliminary experiments because of 
uncertainty in the constancy of the fluorescence background. 
Howcva. because the purpose of these early experiments 
was to determine whether unimolecular double-stranded 
structures could be formed and whether they could be 
specifically recognized by proteins (and not lo provide a 
quantitative measure of enzyme spccifidiy). qualitative dif- 
ferences between the differcni synthesis regions were suf- 
ftcicnL 

The reduction in signal in the 3 SS regions with the EcoRl 
half-site on the outer strand indicated cither lhat the enzyme 
cuts single-stranded DNA with a parucular sequence, or that 
these molecules formed a double-sixandcd structure lhat was 
recognized by ihc enzyme. The molecules on the chip 
surface were at a relatively high density, with an average 
spacing of approximately 100 angstroms. Thus, it was 
possible for the outer siiand of one molecule to form a 
double-stranded structure with ihc outer strand of a neigh- 
boring molecule, lo the case of the 3 SS regions with the 
EcoRl half-site on ihe outer strand, such a bimolecular 
doublestranded region would have ihc corrca sequence and 
struciuTc to be recognized by EcoRl. However, it would 
differ from ihe unimolecular double-stranded molecules in 
that the inner strand remains single-stranded and thus ame- 
nable to cleavage by a ringle-itrand specific endonuclcasc 
such as Mung Bean Nuclease. Therefore, it was possible lo 
distinguish unimolecular from bimolecular doublc-sirarKicd 
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DNA molecules on ihc surface by their abDity lo be cut by 
single and double-strand specific cndonucleases. 

In orttcT 10 remove all molecules that have siaglc-stranded 
structures and to identify unimolecular double-strandcd 
molecules, the chip was first exhausd vcly treated with Mung 5 
Bean Nuclease. The reduction in the fiuoresceace signal was 
greater by about a faaor of 2 for the SS regions of the chip, 
including those with the EcoRl half-site on the outer strand 
that were cleaved by EcoRl, than for the 4 DS regions. 
Following Mung Bean Nuclease treatment, the chip was lO 
treated with' cither DNasc I (which cuts all remaining 
double-stranded molecules) or EcoRl (which should cut 
ODiy the remaining double- stranded molecules with the 
. correct sequence). Upon tieaimcnt with DNase 1, the fluo- 
rescence signal inihc 4 D5 regions was reduced by at least 15 
3-fold more than the signal in Ihe SS regions. Upon EcoRl 
treatment, the signal in the single DS region with the correct 
EcoRl sequence was reduced by at least a factor of 3 more 
than the signal in any other region cxi the chip. Taken 
together, these results indicated thai the surface-bound mol- 20 
ccules synthesized with two complemenlary strands sepa- 
rated by a flexible PEG linker form inuamolccular double- 
stranded structures that were resistant to a single-strand 
specific cndonuclcasc and were recognized by both a 
double-strand specific endonuclease, and a sequence-spe- 25 
ciflc restriction enzyme. 

What is claimed is: 

1. A synthetic unimoiecular» double-stranded oligonucle- 
otide libraiy comprising a plurality of different members, 
each member having the formula: 
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Y-L'— X'— X» 



wherein, 

Y is a solid support; 

and X* art a pair of compleracntajy oligonucleotides; 

LMs a spacer. 

is a Unking group having sufiQcient length such that X* 
and X^ fonn a double*stranded oligonucleotide. 

2. A library in accordance with claim 1, wherein is a 
polyethylene glycol group. 

3. A library in accordance with claim 1, wherein X* and 
X^ are complementary oligonucleocides each comprising of 
from 6 to 30 nucleic acid monomers. 

4. Alibraiy in accordance with claim 1. wherein said solid 
support is a silica support and iJ comprises an aminoalkyl- 
silane and from 1 to 4 hexaethyleneglycols. 

5. A library in accoFdujcc with claim 1. wherein said solid 
support is a silica suppon, L* comprises an aminoalkylsUane 
and from I lo 4 hexaethyleneglycols. is a polyethylcncg- 
lycol group and X' and X* arc complementary oligonucle- 
otides each comprising of from 6 to 30 nucleic acid mono- 
mers. 

6. A synthetic unimolecular. double-stranded oKgonucle- 
oiide library of claim 1, wherein a portion of said doublc- 
suandcd oligonucleotides formed by X' and X^ further 
comprise a loop. 
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